INTRODUCTION
Animal proteins are commonly used in extruded dog foods, but the search for alternative protein sources suitable for pet food is ongoing. Whether due to natural ingredient inconsistencies or the rendering process, animal protein sources can be highly variable in concentrations of protein, fat, and/or minerals, such as Ca and P (Parsons et al., 1997; Dozier et al., 2003; Dust et al., 2005) . Plant-based protein sources have a more consistent nutrient profile than animal-based protein sources but may contain antinutritional factors such as trypsin inhibitors, oligosaccharides, and phytic acid (Cromwell, 2000; Dust et al., 2005; Purushotham et al., 2007) aBSTRaCT: Animal proteins are commonly used in extruded dog foods. Plant-based proteins have a more consistent nutrient profile than animal sources but may contain antinutritional factors, including trypsin inhibitors and oligosaccharides. Bioprocessed soy protein (SP; HP-300; Hamlet Protein, Inc., Findlay, OH) is a processed soy-based product with low antinutritional factor concentrations and high protein quality. The objective was to evaluate the effects of SP on apparent total tract macronutrient digestibility, fecal characteristics, and fecal fermentative end products. Furthermore, this study aimed to identify if SP can be a replacement for poultry byproduct meal (PBPM) in dog food and determine if there are practical limits to its use. Three palatability experiments were conducted to evaluate 1) 0 vs. 12% SP, 2) 0 vs. 48% SP, and 3) 12 vs. 48% SP. For digestibility, 48 healthy adult Beagle dogs (20 females and 28 males; 3.4 yr mean age and 10.0 kg mean BW) were randomly allotted to 1 of 6 dietary treatments, 0 (control), 4, 8, 12, 24 , and 48% SP, in a completely randomized design. All diets were formulated to meet Association of American Feed Control Officials nutrient profiles and contained approximately 30% CP and 16% fat. The treatment period consisted of a 10-d diet adaptation phase followed by a 4-d fresh and total fecal collection phase. The palatability results suggest that of the 3 inclusion levels tested (0, 12, or 48% SP), the best inclusion of SP is 12%, which was preferred over 0 and 48% SP. Digestibility and fecal data were evaluated for linear and quadratic effects using SAS. Stool output (on both an as-is and a DM basis) did not differ from the control except for the 48% SP treatment (P < 0.01). Fecal output per unit food intake differed (P < 0.01) from the control only at the 24 and 48% SP inclusion rates. No significant effects of feeding SP were found on stool consistency scores. Digestibility of DM, OM, and energy did not differ from the control at any inclusion rate, except for a decrease (P < 0.01) at 48% SP. Apparent total tract CP digestibility was not affected by treatment and ranged from 82.9 to 86.2%. Fecal short-chain fatty acid concentrations were greater (P < 0.01) in dogs fed 24 and 48% SP compared with the control. Conversely, branched-chain fatty acid concentrations were lower (P < 0.01) in dogs fed 8 to 48% SP compared with the control. These data suggest that SP is a suitable replacement for PBPM in dog diets up to a 24% inclusion level.
as raffinose and stachyose found in legumes, including soybeans, may cause flatulence, poor stool quality, and decreased nutrient digestibility by dogs and other monogastrics (Zuo et al., 1996; Yamka et al., 2006; Hagely et al., 2013) . Further investigation of soy protein sources that have been processed to reduce antinutritional factors could greatly benefit the pet food industry.
Bioprocessed soy protein (Sp; HP-300; Hamlet Protein, Inc., Findlay, OH) is a soy-based protein source produced by bioprocessing of dehulled soybean meal (SBm), resulting in a SP with reduced concentrations of antinutritional factors (e.g., oligosaccharides, trypsin inhibitors, antigen) vs. conventional SBM (Jiang et al., 2006; Cervantes-Pahm and Stein, 2010) . The resulting SP is highly digestible due to higher AA digestibilities compared with conventional SBM and widely used in weanling pig diets (Cervantes-Pahm and Stein, 2010) . Such a protein source also may have application in dog diets, but little research exists in dogs. Therefore, the objectives of this study were to 1) test the palatability of diets containing 0, 12, or 48% SP and 2) evaluate the effects of 0, 4, 8, 12, 24 , and 48% SP on apparent total tract macronutrient digestibility, fecal characteristics (pH, fecal scores, and DM percentage), and fecal fermentative end-product concentrations (short-chain fatty acids [SCFa] , branched-chain fatty acids [BCFa] , ammonia, phenols, and indoles) in healthy adult dogs.
maTeRIalS aND meThODS

Animals and Diets
All animal care and study procedures were approved by the University of Illinois Institutional Animal Care and Use Committee prior to experimentation. All dog studies took place at Summit Ridge Farms (Susquehanna, PA). A total of 6 experimental diets were formulated to contain approximately 30% protein and 16% fat, with poultry byproduct meal (pBpm), SP, brewer's rice, and poultry fat constituting the main ingredients of the dry, extruded kibble diets (Tables 1 and 2 ). The diets contained graded concentrations of SP, in that the 0% SP diet contained no SP and the 48% SP diet contained no PBPM. The diets were formulated to meet or exceed the recommendations of the Association of American Feed Control Officials (2014) for adult dogs at maintenance. The diets were mixed by Lortscher Animal Nutrition, Inc. (Bern, KS) and extruded by AFB International (St. Charles, MO).
Palatability Studies
Twenty male and female Beagles were presented the test diets on an individual basis. Two stainless steel bowls, each containing approximately 400 g of diet, were offered once daily for 2 d. Bowl placement was reversed daily and both bowls were presented for 30 min. If one diet was completely consumed prior to the end of the 30 min, both bowls were removed. Food consumption and first choice preference were recorded for each dog. The following experiments were performed:
• Exp. 1: The purpose of this experiment was to assess the palatability of 0 (control) and 12% SP.
• Exp. 2: The purpose of this experiment was to assess the palatability of 0 (control) and 48% SP.
• Exp. 3: The purpose of this experiment was to assess the palatability of 12 and 48% SP.
Apparent Total Tract Digestibility Study
A total of 48 healthy adult Beagle dogs (20 females and 28 males; 3.4 yr mean age and 10.0 kg mean BW) were studied using a completely randomized design. The experiment consisted of a 7-d adaptation period in which all dogs were fed the 0% SP (control) diet and a 14-d treatment period. For the treatment period, the dogs were randomized to 1 of 6 dietary treatments (0, 4, 8, 12, 24, 4 Provided the following per kilogram of diet: 11,000 IU vitamin A, 900 IU vitamin D 3 , 57.5 IU vitamin E, 0.6 mg vitamin K, 7.6 mg thiamin, 11.9 mg riboflavin, 18.5 mg pantothenic acid, 93.2 mg niacin, 6.6 mg pyridoxine, 12.4 mg biotin, 1,142.1 μg folic acid, and 164.9 μg vitamin B 12 .
5 Provided the following per kilogram of diet: 17.4 mg manganese (MnSO 4 ), 284.3 mg iron (FeSO 4 ), 17.2 mg copper (CuSO 4 ), 2.2 mg cobalt (CoSO 4 ), 166.3 mg zinc (ZnSO 4 ), 7.5 mg iodine (KI), and 0.2 mg selenium (Na 2 SeO 3 ). and 48% SP). The treatment period consisted of a 10-d diet adaptation phase followed by a 4-d fresh and total fecal collection phase. Dogs were allowed ad libitum access to fresh water at all times and were fed restricted amounts once a day (0700 h) to maintain BW throughout the study. Dogs were individually housed in cages (1.2 by 1.2 m), which allowed for nose-to-nose contact among dogs in adjacent runs, in a temperature-controlled room (targeted temperature conditions from 10 to 30°C) with a 12:12 h light:dark cycle. Although animals were individually housed and fed, they were allowed exercise and play outside of their cages together and with people and toy enrichment during the adaptation and treatment periods. The dogs remained in the cages during the collection phase to collect all feces eliminated. Dogs were weighed and assessed for BCS every other day throughout the study by an individual who was blinded to the treatments. Cages and feed bowls were cleaned and sanitized daily.
During the 10-d adaptation phase, fecal scores were recorded according to the following system: 1 = hard, dry pellets and small hard mass; 2 = hard formed, dry stool that remains firm and soft; 3 = soft, formed, and moist stool that retains shape; 4 = soft, unformed stool that assumes shape of container; and 5 = watery or liquid that can be poured. During the 4-d collection phase, all fecal output was collected, including 1 fresh fecal sample from each dog (10 g of feces minimum). Total feces excreted during the collection phase were collected from the bottom of the cage, weighed, scored, and frozen at −20°C until further analysis. A fresh sample was collected within 15 min of defecation during the collection phase. Fresh fecal samples were immediately prepared to minimize loss of volatile components. Samples were weighed and pH determined using a Denver Instrument AP10 pH meter (Denver Instrument, Bohemia, NY) equipped with a Beckman electrode (Beckman Instruments, Inc., Fullerton, CA). Fresh fecal DM was determined at 105°C by drying to a constant weight. Aliquots for analysis of phenols and indoles were frozen at −20°C immediately after collection. An aliquot (5 g) of feces was mixed with 5 mL 2N HCl for ammonia, SCFA, and BCFA analyses and stored at −20°C until analyzed.
Chemical Analyses
Diets were subsampled and ground through a 2-mm screen in a Wiley mill (model 4; Thomas Scientific, Swedesboro, NJ). Composited fecal samples (1 per dog) were dried at 55°C for 1 wk and ground through a 2-mm screen in a Wiley mill. Samples were analyzed according to procedures of the AOAC International for DM (105°C; method 934.01; AOAC, 2006) 2 ME AAFCO = ME by the Association of American Feed Control Officials (2014); ME AAFCO = 8.5 kcal ME/g fat + 3.5 kcal ME/g CP + 3.5 kcal ME/g nitrogen-free extract.
3 ME C = ME calculated; ME C = GE intake (kcal
4 TEAA = total essential AA.
5 TNEAA = total nonessential AA.
6 TAA = total AA. Prosky et al. (1992) . All diet and fecal samples were analyzed in duplicate, with a 5% error allowed between duplicates; otherwise, the analyses were repeated. Short-chain fatty acid and BCFA concentrations were determined by gas chromatography according to Erwin et al. (1961) using a HP 5890A series II gas chromatograph (Hewlett-Packard, Palo Alto, CA) and a glass column (180 cm by 4 mm i.d.) packed with 10% SP-1200/1% H 3 PO 4 on 80/100+ mesh Chromosorb WAW (Supelco Inc., Bellefonte, PA). Phenol and indole concentrations were determined using gas chromatography according to the methods of Flickinger et al. (2003) . Ammonia concentrations were determined according to the method of Chaney and Marbach (1962) . Proper standards for SCFA (i.e., acetate, propionate, and butyrate), BCFA (i.e., valerate, isovalerate, and isobutyrate), phenols (i.e., phenol and 4-ethylphenol), indoles (i.e., indole and 2-methylindole), and ammonia (i.e., ammonia) were used for these analyses. All diets were sent to the University of Missouri Experiment Station Chemical Laboratories (Columbia, MO) for a complete AA profile analysis (AOAC, 2006; method 982.30E).
Calculations and Statistical Analysis
For palatability tests, differences in food consumption between 2 diets were determined using a Wilcoxon signed rank test and 2-way ANOVA. The daily consumption of each diet was compared using a separate paired t test within each day (20 dogs × 2 diets) to assess significance in consumption difference for that day. Diet preference assessment was done by comparing the first choice (the first diet consumed) and calculating the intake ratio (intake of Diet 1/intake of Diet 1 + Diet 2) of each diet tested in each experiment. To assess first choice diet preference, a χ 2 test compared the daily counts for each diet with the counts that represent no preference (i.e., when both diets are chosen equally).
Apparent total tract macronutrient digestibility values were calculated using the following equation: nutrient intake (g DM/d) − nutrient output (g DM/d)/nutrient intake (g DM/d) × 100. Data were analyzed using the PROC MIXED procedure of SAS (version 9.4; SAS Inst. Inc., Cary, NC). Fecal score data were compared using the GLIMMIX procedure of SAS. The statistical model included treatment as a fixed effect. Data were analyzed using the type 3 test of the MIXED procedure. Means were separated using a protected least squares difference with a Tukey adjustment. Data were analyzed using the PROC UNIVARIATE procedure to produce a normal probability plot based on residual data and visual inspection of the raw data. A probability of P < 0.05 was accepted as being statistically significant and P ≤ 0.10 was accepted as a trend.
ReSUlTS
Palatability Studies
For Exp. 1 (0 vs. 12% SP), there was a 3.67:1 intake ratio (Fig. 1) for the ratio of the 12% SP diet to the 0% SP diet. According to a Wilcoxon signed rank test, the consumption difference between the 0 and 12% SP diets was significant (P = 0.0002). Using data from both days, the 0% SP diet was chosen first on 8 occasions and the 12% SP diet was chosen first on 32 occasions. The 12% SP diet was consumed more than the 0% SP diet on both days of the experiment, with a significant paired t test on both days (P = 0.0001 for d 1 and P = 0.0270 for d 2). The 12% SP diet was chosen first compared with the 0% SP diet on both days of the experiment, with a significant χ 2 test (P = 0.0073 for d 1 and 2).
For Exp. 2 (0 vs. 48% SP), there was a 1.77:1 intake ratio for the ratio of the 0% SP diet to the 48% SP diet. According to a Wilcoxon signed rank test, the consumption difference between the 0 and 48% SP diets was not significant (P = 0.0731). Using data from both days, the 0% SP diet was chosen first on 21 occasions and the 48% SP diet was chosen first on 19 occasions. The 0% SP diet was consumed more than the 48% SP diet, but these data did not reach statistical significance. On d 1, there was an equal first choice response for both the 0% SP diet and the 48% SP diet. On d 2, more dogs chose the 0% SP diet than chose the 48% SP diet, but data did not reach statistical significance on either day.
For Exp. 3 (12 vs. 48% SP), there was a 1.92:1 intake ratio of the 12% SP diet to the 48% SP diet. According to a Wilcoxon signed rank test, the consumption difference between the 12 and 48% SP diets was significant (P = 0.0438). Using data from both days, the 12% SP diet was chosen first on 21 occasions and the 48% SP diet was chosen first on 19 occasions. The 12% SP diet was consumed more than the 48% SP diet, but these data reached statistical significance only on d 2 (P = 0.0003). On d 1, more dogs had a first choice preference for the 48% SP diet, but these data were not significant. On d 2, more dogs had a first choice preference for the 12% SP diet (P = 0.0253). Tables 1 and 2 . All diets, on a DM basis, contained an average CP concentration of 32% (range 30.1-33.2% CP), an average fat concentration of 16% (range 12.8-18.6% fat), an average TDF concentration of 7.9% (range 5.7-13.1% TDF), and an average calculated ME content of 4.1 kcal/g (DM basis; range 3.7-4.2). The 0, 4, 8, 12, and 24% SP diets were similar in fat, fiber, and calculated ME values, but the 48% SP diet was lower in fat and calculated ME and higher in fiber compared with the other diets. All essential and nonessential AA concentrations were within the recommended range for adult dogs.
Analytical Results
Dietary ingredient and chemical composition data are presented in
Apparent Total Tract Macronutrient Digestibility and Fermentative End-Product Concentrations
Nutrient intakes, apparent total tract macronutrient digestibilities, and fecal characteristics are presented in Table 3 . Food intake (g/d) was greater (P = 0.05) with increased percentage of SP in the diet. Fecal output, on both an as-is and a DM basis, was not different between the 0 and 24% treatments; fecal output was greater (P < 0.01) for dogs fed the 48% SP treatment. As-is fecal output per intake on a DM basis was greater (P < 0.01) for dogs fed the 24 and 48% SP treatments compared with those fed the control. Fresh fecal DM was lower (P < 0.05) for dogs fed the 24 and 48% SP treatments compared with dogs fed the control. Dry matter, OM, fat, and energy digestibilities were not affected by inclusion of SP, except for a decrease (P < 0.01) when dogs were fed the 48% SP treatment. Although a linear increase (P = 0.03) in CP digestibility with increasing SP inclusion was noted, CP digestibility was not different among any of the individual diets tested. Stool consistency scores were not affected by inclusion of SP to the diets.
Fecal pH and ammonia, SCFA, BCFA, phenol, and indole concentrations are presented in Table 4 . Fecal pH was not affected by dietary inclusion of SP. Fecal ammonia concentrations were lower (P < 0.05) for dogs fed the 48% SP diet compared with dogs fed the control diet. Fecal acetate, propionate, and total SCFA concentrations were greater (P < 0.01) for dogs fed the 24 and 48% SP treatments compared with dogs fed the control. Conversely, fecal isovalerate, isobutyrate, and total BCFA concentrations were lower (P < 0.05) for dogs fed the 24 and 48% SP treatments compared with dogs fed the control. Fecal phenol, indole, and total phenol and indole concentrations were lower (P < 0.05) for dogs fed the 24 and 48% SP diets compared with dogs fed the control.
DISCUSSION
Soy-based protein sources have a good AA profile, making them one of the most common plant protein sources and a viable alternative to using animal-based protein sources. The objective of this study was to evaluate whether a bioprocessed SP would be a suitable replacement for PBPM in canine diets. Although it is a good source of nutrients, SBM contains antinutritional factors that contribute to negative effects when fed to monogastric animals, including decreased nutrient digestibility, decreased fecal quality, and increased flatulence. Unlike other soy-based protein sources previously studied, bioprocessed SP has reduced concentrations of oligosaccharides and other antinutritional factors (Cervantes-Pahm and Stein, 2010). Previous research has evaluated the effects of feeding other types of soy-based protein sources (e.g., SBM; soy protein isolate; soy protein concentrate; low-oligosaccharide, low-phytate SBM; soy flour; etc.) on nutrient digestibilities of dogs (Zuo et al., 1996; Clapper et al., 2001; Dust et al., 2005; Yamka et al., 2003 Yamka et al., , 2005 Yamka et al., , 2006 . To our knowledge, this is the first study to evaluate the effects of feeding bioprocessed SP to dogs.
Nutrient digestibilities may be affected by ingredient processing or antinutritional factors. Indigestible oligosaccharides are not digested by monogastric animals due to the lack of enzymes needed to breakdown the Table 3 . Mean food intake, fecal characteristics, and apparent total tract macronutrient digestibility data for adult dogs fed diets containing graded concentrations of a bioprocessed soy protein 1 in place of poultry byproduct meal 2 Pooled SEM.
3 DMB = Dry matter basis.
4 Fecal score scale: 1 = hard, dry pellets; 2 = dry, well-formed stool; 3 = soft, moist, formed stool; 4 = soft, unformed stool; 5 = watery liquid that can be poured.
α-galactosidic linkages (Hagely et al., 2013) . Stachyose and raffinose are the most prevalent oligosaccharides found in soy-based proteins. Yamka et al. (2003) evaluated feeding SBM at graded levels (15, 26, 36, and 46% DM) to ileally cannulated dogs. These researchers concluded that small intestinal DM and CP digestibilities were decreased (80.7 to 33.8% and 65.1 to 51.1%, respectively) as SBM was increased in the diet. No differences in total tract CP digestibility were observed, which is similar to the dogs in the current study; however, decreased total tract DM digestibility was observed by Yamka et al. (2003) . Decreased DM digestibility was not observed in the current study until the level of SP in the diet was included at 48%. The decreased ileal digestibilities observed by Yamka et al. (2003) were likely due to the high concentrations of stachyose (112 g/kg in SBM) in the SBM used in those diets. Bioprocessing removed the majority of the oligosaccharides from the SP used in the current study. This ingredient contains 1% oligosaccharides compared with 6% in conventional SBM and has been shown to improve total tract digestibility (Cervantes-Pahm and Stein, 2010). Zuo et al. (1996) evaluated the digestion response of dogs fed no SBM (poultry meal control), conventional SBM (18.55 or 37.1%), or low-oligosaccharide SBM (18.55 or 31.1%). Although the stachyose and raffinose concentrations were decreased in the low-oligosaccharide SBM, the oligosaccharide content did not affect digestibility in dogs fed low oligosaccharide SBM vs. conventional SBM. Those researchers did observe higher CP and AA digestibilities in dogs fed SBM than in dogs fed poultry meal. Therefore, those results and the results observed in the current study further support the use of soy-based protein sources as a replacement for PBPM with little to no effect on nutrient digestibilities. Based on the results of the palatability experiments, the addition of SP to canine diets does not negatively impact the palatability of the diets. However, due to the subjective nature of palatability testing from an animal's appetite, flavor, food texture, and size and shape of the kibble (Trivedi et al., 2000; Griffen, 2003) , it is difficult to determine an inclusion level based on palatability results alone. Some changes in the kibble characteristics were observed as the amount of SP was increased in the diet, likely due to the water-holding nature of the ingredient. However, the coating was the same for all diets and no additional palatant was used. According to Trivedi et al. (2000) , intake ratios are the best indicators of overall palatability preference. In the palatability Exp. 2 and 3, the first-choice results indicate the choice was made based on random selection; however, in palatability Exp. 1, the results are indicative that the inclusion of 12% SP made the diet more palatable because that diet was chosen first by 80% of the dogs tested. Furthermore, Exp. 1 had the highest intake ratio compared with the other experiments. Therefore, of the 3 inclusion levels tested (0, 12, or 48%), the results indicate that the best inclusion of this SP was 12%. Yamka et al. (2006) evaluated the effects on flatulence and nutrient digestibility of PBPM, conventional SBM, and low-oligosaccharide, low-phytate SBM when fed to adult dogs. They observed lower fecal output on an as-is basis (mean of 2 PBPM diets = 66.3 g/d; P < 0.001) by dogs consuming PBPM compared with dogs fed soy (mean of 4 SBM diets = 134.7 g/d). A quadratic effect on as-is fecal output was observed in the current study. Dogs consuming 0 to 24% SP had similar as-is fecal output, but dogs consuming 48% had more fecal output than dogs consuming 0 to 12% SP. Yamka et al. (2006) also observed that PBPM had a higher DM digestibility and DE content (mean of 2 PBPM diets = 0.91 and 4.3 kcal/g, respectively) compared with either soy treatment (mean of 4 SBM diets = 0.87 and 4.0 kcal/g, respectively). Results of the current study indicate decreased apparent total tract DM, OM, fat, and energy digestibilities only when dogs were fed the treatment containing 48% SP. Given these data and the fact that a linear increase (P < 0.05) in apparent total tract CP digestibility was observed with the inclusion of SP, nutrient digestibility would be expected to remain constant or actually increase at the moderate inclusion levels (up to 12%) used in pet foods.
Common indices of gastrointestinal health, which are often affected by dietary fibers, include increased SCFA concentrations, decreased protein catabolites, fecal pH, and shifts in gut bacterial populations. Because the bioprocessed SP used in the current study contains approximately 19% TDF, effects on these indices were expected. Yamka et al. (2006) observed lower fecal phenols (P < 0.001) and indoles (P < 0.001) when dogs were fed the soy-containing treatments compared with dogs fed the PBPM treatment. The current study confirmed lower fecal phenols and indoles for dogs consuming higher concentrations of SP. These observations are an indication that fermentation of the fibrous components of soy is beneficial in reducing protein catabolites.
In summary, as dietary concentration of SP was increased, the digestibility of DM, OM, and energy increased. Up to 12% SP, there were no differences in food intake, fecal output, or fresh fecal DM concentration. However, as dietary SP was increased to 24 and 48%, both food intake and fecal output increased and fresh fecal DM concentration decreased. Apparent total tract DM, OM, and energy digestibilities were decreased when SP was included at 48% of the diet. There were no significant changes observed in fecal scores or fresh fecal pH. However, as SP was increased in the diets, fecal fermentative end-product concentrations were increased and fecal putrefactive compounds were decreased, suggesting active fermentation occurred in the colon of the dog and improved gastrointestinal health.
In conclusion, no adverse effects were observed when SP was fed to healthy adult dogs. Based on the results of the current study, SP is a suitable replacement for PBPM in dog diets at a concentration not to exceed 24%.
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